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Bending System with B e nding Tool and Bonding Dr jve-UmtBENDING ASSEMBLY 

FOR BENDING iVIACHINE 

BACKGROUND OF THK TNVRNTION 

This invention relates to attlfi bending syst e m on assemblv of a bending machine 
for bending rod- and/or bar-shaped workpieces and especially pipes , omploying^ 

Some bending assemblies employ a bending tool and a bending drive unit with a 
swivel arm and a bending drive motor, with the bending tool featuring at least one 
workpiece thrust block and on th e swiv el arm at least one thrust pa d on the swivel arm , 
whereby the bending drive motor can rotate the swivel arm with the thrust pad around a 
bending axis extending in the transverse dnection of the workpiece so that, when the 
swivel arm with the thrust pad is rotated, the workpiece can be bent by b e inga sjLis 
forced by the thrust pad against the corresponding thrust block. 

A bending system of this type, operating by the roU-and-stretch bending 
principle, has been disclosed in DE-A-40 10 445. In the prior- art design an electric 
bending-drive motor is housed inside a bending bench that protrudes from a machine 
base and is equipped at its free end with a bending tool. The bending tool includes two 
bending dies that sit on the two opposite ends of a spindle. The neutral geometric axis 
of this spindle, i.e.^ the bending axis, extends in the transverse direction of the 
workpiece. Also connected to the spindle is a swivel arm which, when the spindle with 
the bending dies is rotated, can swivel around the bending axis. Clamping jaws that 
cooperate with the bending dies can be moved on the swivel arm in the transverse 
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direction of the worlq)iece. For bending the workpiece, the bending dies and the swivel 
arm are driven by the electric bending-drive motor whose shaft conn e cts via is 
connected bv a gear system to a transmission shaft that extends in the transverse 
direction of the bending axis. A transfer transmission in the form of a bevel gear drive 
transmits the rotary movement of the transmission shaft to the spindle that is positioned 
concentric with the bending axis and supports the bending dies as well as the swivel 
arm. 

This earlier bending drive design and thus the prior- art bending system as a 
whole is relatively bulky, which is tme-especially in cases invQ i vina true with machines 
providing a substantial transverse bending torque and requiring a correspondingly 
massive bending-drive motor. 

It is the objective of this invention to introduc e provide a HQ^sLbending 
svste massemhlv that is capable of handling even large transverse bending torques 
within a compact configuration. 

SUMMARY OF THR TNVRNTTQN 

Tt has now been found that the foregoing and related objects mav he readily 
attained in a bending assembly of a hendinp machine (U for bending rod and/or bar- 
shaped workpieces r8V comprising a bending tool (W) and a bending drive unit (U) 

including a swivel arm (21) and a pending-drive motor (22). The bending tpol (10) 

includes at least one workpiece thrust block (12. 13^ and, at least one thrust pad H?. 

W on the swivel arm (21). The bending-drive motor (22) is operable to rotate the 

swivel arm (2\) with the thrust pad (17. 18^ around a bending axis (14^ extending in the 

2 

PLC/30538/1010/§S9Wg22mvl 
07/11/03'HRT/ 


transverse workpiece direction. As a result, the workpiece. forced hy the th rust pad 
m. m apainst the associated workpiece thrust block (U. 13V can he herit hv rotating 
the swivel arm (21) with the thrust pad H?. 18^ around the workpiece thrust block (12. 
13). The hending-dri ve motor (2 2) has a m otor shaft (27) which extends parallel to the 
bending axis (14) and is drive-con nected at both shaft ends (28. 29^ to the swivel arm 

Preferablv. the motor shaft (27) of the hending-drive motor (22) extends 
coaxially with the be nding axis (14V and the hending-drive motor (22) is a torque 
motor. Both ends (28. 29) of the motor shaft (27) of the bending-drive motor (22) are 
individual s drive-connected to the swivel arm (21) bv a gear unit (23. 24). 

Tn one embodiment, at least one workpiece thrust block (12. 13) of the bending 
tool (10) is in the form of ^ bending die and is drive-connected to the motpr shaft (27) 
of the bending-drive motor (22) and can thus be rotated around the bending axis (14). 
the bending tool (10) is equipped with at least ope thrust pad (17, 18) in thg form of a 
clamping iaw mount ed in the transverse workpiece direction on the swivel arm (21). 
Thus, the workpiece can be clamped between the bending die and the associated 
clamping jaw and bent, while clamped, by rotation of the bending die and of the swivel 
arm with the clamp in g jaw around the bending die. 

Desirably, both shaft ends (28, 29) of the motor shaft (27) of the bending-drive 
motor (22) are respectively drive-connected to at least one bending die which can be 
rotated around the bending axis (14). and the bending dies on the respective shaft ends 
(28. 29) are positioned in the direction of the bending axis (14) on e ither side of the 
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bending-drive motor (22). Each die cooperates with a clamping jaw that is movable on 
the swivel arm (2\) in the transverse direction of the workpiece. and the bending 
assembly (3^ can be rotated around an axis (30^ that extends in the longitudinal 
direction of the workpiece. As a result, one of the bending dies located on either side 
of the bending-drive motor (22) a nd its associated clamping jaw can be selectively 
moved into a working position. 

According to th e inv e ntion, th i s obj e ctive is ach ie v e d with a des i gn sp e cifi e d in pat e nt 
c l a i m 1 ■ By al ign i ng Aligning the motor shaft of the bending-drive motor parallel-to- 
tJ=»e-JQ^£»bending axis dispenses with an otherwise necessary transfer transmission- 
tal4R o which takes up spac e, can b e d i sp e nsed w i th . Since the bending-drive motor has 
two power take-off sides and the swivel arm connects to both power take-off sides, the 
motor torque is transferred to the swivel arm at several distributed points. Overall, this 
results in a unit that^ in spite of its compactness^ is superbly powerful while at the same 
time its small dimensions and minimal weight give it optimal movability for instance 
when aligning the bending tool relative to the workpiece to be processed. 

Spec i al d e s i gn variations of th e b e nd i ng system por claim 1 ar e d e scr i b e d in th e 
subc l aims 2 to 6. 

The preferr e d configurat i ons according to th e inv e ntion, specifiod i n c l aims 2 and 
3, ar e of a particularly compact d e sign. In claim 2, th e shaft of the bending-drive motor 
extends coaxially with the bending axis. Torque motors, i.e. low-speed electric drive 
motors, are of a low profile yet can deliver even high torques. Interpositioning gear 
systems between the power take-off sides of the bending-drive motor and the swivel 
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arm (pat e nt c la im 4) a l lowsp gmita for simple adaptation of the bending-drive 
configuration to the respective requirements of a given application. When used in 
combination with low- speed bending-drive motors, a long life of tho lived drive 
svste massemhlv is attainable. 

Patent claim 5 relates to a The bending syste massemblv that operates by the roll- and- 
stretch bending principle , for which purpos e i t takes advantage of the benefits offered by 
the bending drive concept of this inventio n. Fina l ly, th e object of c l a i m 6 is a bend i ng 
system by m e ans of whioh.^ ^^id using the bending drive pef^ this mvention, 
workpieces can be bent in different directions (left / right bending). 



[QNQF THEPRAWINQ?) 


The following description of an im plementation example] 


will 


explain this present inv ention m-ffiore detail with reference to the attached 


diagrammatic illustrations in which— ^ 


ROr Figure 1 


is an overa l l^ perspective view of a bending machine with a 


bending systemassemhly embodying the present invention: 


Fin 9 


show s Figure 2 is a transverse view of the bending syste massemhly of 


fiOr ^Figure 1 in partt ypartial cross- 


4 t section : and 


R % Figure 3 


depicts the bending-drive motor segment of the bending syst e m 




section . 


DFTATLFD DF .SCRTPTTON OF THE PRFFFRRFD EMROnTMHNT 
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As shown in fif rFigure 1, a bending machine generally designated hv the 
numeral 1 is composed of a machine base 2 and a bending system 3 in th e form 
o fassemblv generally designated by the numeral 3 having a bending head that is 
mounted on a cantilever generally designated by the numeral 4 on the front face of the 
machine base 2. On its top surface the machine base 2 supports a workpiece feed 
carriage 5 as well as a mandrel retraction carriage 6. The workpiece feed carriage 5 is 
provided with a conventional chuck 7 that holds a pipe 8 in the e xample illustrated, 
machine . 

Attached to the mandrel retraction carriage 6 is a mandrel bar, (obscured in the 
diagram- drawing^ that extends in usual fashion through the workpiece feed carriage 5, 
the chuck 7 and the pipe andJl is equipped at its fef-end spaced from the mandrel 
retraction carriage 4,with a bending mandrel. The CNC-controUed movement of the 
workpiece feed carriage 5 and the correspondingly controlled rotation of the chuck 7 
position the pipe 8 in its longitudinal direction and its circumferential 
dir e ction orientation relative to the bending svste massemblv 3. Again by the CNC- 
controlled movement of the mandrel retraction carriage 6, the bending mandrel bar 
inside the pipe 8 can be moved back and forth between a working position and a 
retracted position. 

The bendmg svste massemhiy 3 also includes encompasses a support structure 9 
with a bending tool 10 and a bending drive unit 11 that is again CNC-controUed. The 
bending tool 10 includes workpiece thrust blocks 12, 13 in the form of bending dies 
that can be rotated around a bending axis 14 extending in a transverse direction relative 
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to the workpiece and provided with circumferential pipe-bending grooves 15, 16. 
Clamping jaws of the bending tool 10, servmg as thrust pads 17, 18, cooperate with the 
thrust blocks 12, 13. The thrust pads 17, 18 are provided with pipe-bending grooves 
19, 20 and can be moved on a swivel arm 21 of the bending drive unit 1 1 in the 
transverse workpiece direction. 

Apart from the swivel arm 2421. the bending drive 11 comprises a torque- type 
bending-drive motor 22 as well as gears 23, 24. By way-ef-the gears 23, 2424. the 
bending-drive motor 22 drives the workpiece thrust blocks 12, 13 and the swivel arm 
21. By means of the bending-drive motor 22^ the workpiece thrust blocks 12, 13 can 
be rotated around the bending axis 4414. and the swivel arm 21 with the thrust pads 17, 
18 can be swiveled around the bending axis 14. 

Detailed illustrations of the bending tool J^are shown in fief rFigure 2 and of the 
bending drive 11 in fif rFigures 2 and 3. 

As depicted in fig ^Fignre 3, the bending-drive motor 22 encompasses includes a 
rotor 25, a stator 26 and a motor shaft 27. The geometric axis of the inotor shaft 27 
coincides with the bending axis 14. Two motor power take-off sides are located at two 
opposite ends 28, 29 of the motor shaft 27. The shaft end 28 connects to the gear 23, 
the shaft end 29 connects to the gear 24. On its take-off side^ the gear 23 connects to 
the workpiece thrust block 12 while the gear 24 connects to the workpiece thrust block 
13. The swivel arm 21 is attached to the output-side drive element of the gear 23 as 
well as to the output-side drive element of the gear 24 ffiQ7-2 ^as shown in Figure 2. 
This results in a symmetrical transfer of the power delivered by the bending-drive 
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motor 22 into the swivel arm 21. Since the power transfer is distributed between the 
two gears 23, 24, these can be relatively small in size. 

The complete bending syste massemhlv 3 can be rotated around an axis 30 vlah^ 
the support structure 9 on the cantilever 4. The cantilever 4 on its part can be rotated 
around afvthe axis 31 relative to the machine base 2. The rotational movement of the 
bending system 3 around the axis 30 and that of the cantilever 4 around the axis 31 is 
again numerically controlled. 

As the first step in the bending process, with the bending tool 10 open, the 
workpiece feed carriage 5 is moved in the longitudinal direction of the workpiece to 
place the pipe 8 in the desired position relative to the bendmg tool 10. By a 
corresponding movement of the mandrel retraction carriage 6, the bending mandrel 
inside the pipe 8 is advanced into its working position, whereupon the bending tool 10 
is closed. In the example illustrated, this will clamp the pipe 8 between the bending die 
or workpiece thrust block 12 and the associated clamping jaw or thrust pad 17, 
resulting in the conditions depicted in fiOrFi gures 1 and 2. 

To produce a bend in the pipe, the operating state pef^io rshown in Figures 1 and 
2 is followed by rotating the swivel arm 21 with the clamping jaw h^r^ thrust pad 17, 
through by activation of the bending-drive motor 22, around the bending axis 14 in the 
direction of the arrow 32. Coupled with this is a corresponding rotary movement of the 
bending die or workpiece thrust block 12. This will bend the pipe 8 in the direction of 
the arrow 32 at the desired angle around the workpiece thrust block 12. 
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The workpiece thrust block 13 and the associated thrust pad 18 of the bending 
tool 10 are used if the pipe is to be bent against the direction of the arrow 32. This must 
be preceded by rotating the bending tool 10 from its position pe^fi ^shown in Figure 1 
around the axis 30 and by swiveling the cantilever 4 around the axis 31 so as to align it 
with the workpiece thrust block 13 and the thrust pad 18 in such fashion that, after the 
bending tool 10 is closed, the pipe 8 is positioned in the pipe-bending grooves 16, 20 of 
the workpiece thrust block 13 and of the thrust pad 18. Rotating the swivel arm 21 and 
turning the workpiece thrust block 13 around the bending axis 14 will then produce the 
desired bend in the pipe. 

For the bending process^ the swivel arm 21 will have at its disposal the 
conabined ou^ut torque of the gear 23 and of the gear 24. It follows that the bending 
svste massemhly 3 is capable of delivering sufficient torque for workpiece processing 
even with small-sized separate gears 23, 24. 
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In place of the torque motor shown in the diaaram s drawings as the bendmg- 
drive motor 22, it is possible to use other types of motors as well, for instanco example 
synchronous motors. I t is torqu e X oraas motors in particular that^are suitable for a 
gearless direct connection of the motor shaft 27 to the workpiece thrust blocks 12, 13 
and/or to the swivel arm 21. This deviates from the e xampl e embodiment shown but is 
entirely feasible. 
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25 697 Sl/to 


Pat e nt Claims 

Thus, it can be seen from the foregoing detailed description and accompanying 
drawin gs that the bend in g assembly of the present inve ntion is rel atively compatible to 
accommodate high transverse ben din g torques. 
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CLAIMS 

Having thus described the invention, wha t is claimed is: 

4t B e nd i ng syst e m A bending assemhlv in a bending machine (1) for 

bending rod- and/or bar-shaped workpieces and especially pipes fSV w i th ^R'^ comprising 
^ a bending tool (10) and,^ a bending drive unit (11) that inc l ud e s including (c) a 
swivel arm (21) and (ii) a bending-drive motor (22), said bending tool (10) comprising , 
including (i^ a t least one workpiece thrust block (12, 13) an d, on the swiv e l arm (21 ), , 
^jii least one thrust pad (17, IS V so that, by means of th e on the swivel arm (21). 
said bending-drive motor (22 V being operable to rotate the swivel arm (21) with the 
thrust pad (17, 18) can b e rotated around a bending axis (14) extending in the 
transverse workpiece direction-af ^. whereby the workpiece, forced by the thrust pad 
(17, 18) against the associated workpiece thrust block (12, 13), can be bent by rotating 
the swivel arm (21) with the thrust pad (17, 18) around the workpiece thrust block (12, 
13), characterized in that th e motor shaft (27) of th e ^ aaid bending-drive motor (22)_ 
having a mo tor shaft (27^ which extends parallel to the bending axis (14) and is drive- 
connected at both shaft ends (28, 29) to the swivel arm (21). 

2t B e nding system as i n c l aim 1 , charact e r i z e d in that 2^ The bending assemhlv 
in accordance with Claim 1 . wherein the motor shaft (27) of the bending-drive motor 
(22) extends coaxially with the bending axis (14). 
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3t B e nding syst e m as in on e of the pr o ceding cla i ms, charact e r i z e d in that 1^ 
The bending assembly in accordance with Claim 1 wherein the bending-drive motor 
(22) is a torque motor. 

4r Bending system as in on e of th e proc e ding c l aims, charact o rized in that ^ 
The bendin g assembly in accordance with C laim 1 wherein both ends (28, 29) of the 
motor shaft (27) of the bending-drive motor (22) are individually drive-connected to 
the swivel arm (21) viabji a gear unit (23, 24). 
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&r B e nding syst e m as in on e of the pr e ceding claims, characterized in that 5^ 
The hending assembly in accordance with Claim 1 wherein at least one workpiece 
thrust block (12, 13) of the bending tool (10) is^in the form of a bending diejM is 
drive-connected to the motor shaft (27) of the bending-drive motor (22) and can 
thus be rotated around the bending axis (14), and tha twherein the bending tool (10) 
is equipped with at least one thrust pad (17, 18) in the form of a clamping jaw 
mounted in the transverse workpiece direction on the swivel arm (21), so that the 
worlq)iece can be clamped between saMths bending die and the associated clamping 
jaw and bent, while clamped, by a-rotation of the bending die and of the swivel arm 
with the clamping jaw around the bending die. 

&T B e nding system as in on e of the prec e ding claims, charact e riz e d in that both 
shaft e n ds (28, 29) o f th e motor shaft (27) of the b en d ing-d riv o motor (22) are 
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6i The bending assembly in accordance with Claim 1 wherein both ends 
(28. 29) of the motor shaft (27) of the bending-drive motor (22) are respectively 
drive-connected witbto at least one bending die tha twhich can be rotated around the 
bending axis (14), that in the dir e ction of th e b e nding axis (1 ^ 1) the bending dies on 
the respective shaft ends (28, 29) afehging positioned in the direction of the bending 
axis (H'^ o n either side of the bending-drive motor (22), each die c ooperating with a 
clamping jaw that is movable on the swivel arm (21) in the transverse direction of 
the workpiece, and tha twherein the bending svste massembly (3) can be rotated 
around an axis (30) that extends in the longitudinal dkection of the workpiece, 
whereby one of the bending dies located on either side of the bending-drive motor 
(22) and its associated clamping jaw can be selectively moved into a working 
position. 
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2. A bending assembly in a hendins machine (H for bending rod and/or 
bar-shaped workpieces (H) comprising (a) a bending tool HO) and Tb^ a bending drive 
unit (U) including (c) a swivel arm (2\) and fii) a bending-drive motor (22V said 
bending tool (10) includin g (i) at least one w orkpiece thrust block (12. 13> and, fii^ at 
least one thrust pad (17. 18) on the swivel arm (2\). said bending-drive motor (22) 
being o perable to rotate the swivel arm (21) with the thrust pad (17. 18) around a 
bending axis (14) extending in th e transver se workpiece direction whereby the 
workpiece. forced by the thrust pad (17. 18) against the associated workpiece thrust 
block (12. 13). can be bent by ro tatin g the swivel arm (21) with the thrust pad (17. 18) 
around the workpiece thrust block (12. 13). said bending-drive motor (22) having a 
motor shaft (27) which extends parallel to the bending a xis (14) and is drive-connected 
at both shaft ends (28, 29) to the swivel arm (21). said ben ding drive motor (2) being a 
torque motor and the motor shaft (27) of the b endin g-drive motor (2 2) extending 
coaxiallv with the bending axis (14). 

Abstract 

L The bending assemblv in accordance with Claim 7 wherein both ends 
(28. 29) of the mo tor shaft ( 27) of the be ndin g-drive motor (22) are individually 
drive-conn ected to the swivel arm (21) by a g e ar unit (23. 24). 
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2^ The bending i^ssemhlv in accordance with Claim 7 whereir^ at least oi^e 
workpiece thrust hlock (12. \3) of the bending tool HQ) is in the form of a hending 
die and is drive-connected to the motor shaft (27) the he ndin g-drive motor (22) 
and can thus be rotated around the bending »xis (14), and wherein thg bending tool 
(10^ is equipped with at least o ne thrust pad (17. 18 Hn the form of a clamp ing jaw 
mounted in the fransvgrse workpiece diregtipo on the swivel arm (21). so that the 
workpiece can he c lamped bet ween the ben ding die and the associated clamping jaw 
and bent- while clamped, hv rotation of the hending die and of the swivel arm with 
the clamping jaw around the bendin g die. 

B e nd i ng syst e m, with bending tool and b e nding driv e unit 

10^ The hending assembly in accordance with Claim 7 wherein both shaft 

ends (28. 29^ of the motor shaft (27) of the hending^rive motor (22) are ' 

respectively drive-connected to at least one hending die which can be rotated around 

the bending axis fUV the bending dies on the respective shaft ends (28. 29) are 

positioned in the direction of the hending axis (14) on either sid e of the bending- 

drive motor (22). each cooperating with a clamping jaw that is movable on the 

swivel arm (2]) in the transverse 4 irection of the work piece. an d wherein the 

bending assembly (3) can be rotated around an axis i^^OVthat extends in the 

longitudinal directi on of the workpiece. wherehv one of the bendi ng dies located on 

either side of the hending-drive motor (22) and its associated clamping jaw can he 

selectively moved into a wor king position. 

m 
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ABSTRACT 

A bending svste massembly on a bending machine for die bending of rod- and/or 
bar-shaped workpieces and especially pipes (8) includes a bending tool (10) as w el l 
asand a bending drive unit (1 1). The bending drive unit (1 1) Qncompass e s includes a 
swivel arm (21) and a bending-drive motor {22)t^^,^^^ bending tool (10) is equipped 
with at least one workpiece thrust block (12, 13), and the swivel arm (21) withlias at 
least one thrust pad (17, 18). By means of the bending-drive motor (22) the swivel arm 
(21) with the thrust pad (17, 18) can be rotated around a bending axis (14) that extends 
in the transverse direction of the workpiec e. wh e r e by th e . The workpiece can be bent 
when the thrust pad (17, 18) forces it against and around the associated workpiece 
thrust block (12, 13). The motor shaft of the bending- drive motor (22) extends parallel 
to the bending axis (14)^ and both of its shaft ends are drive-connected to the swivel 
arm (21). 

(Figur e 2) 
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